Background
Natural gas is a homogeneous fluid of low density and viscosity. The high pressure and temperature cause a decrease in viscosity even at temperatures above the critical. The variation in viscosity with molecular weight of gases at atmospheric pressure is opposite to the variation for liquids, the viscosity decreases with increase in molecular weight of gases. The natural gas properties may be obtained from laboratory measurements. The rolling ball viscosimeter is used for measuring viscosity, with the ball forcing the fluid through the crescent between the ball and tube wall. The rolling ball viscosimeter can give erroneous results when used with low density fluids, because of turbulent flow through the crescent.
The Rolling-ball viscosimeter may give viscocities as much as 30% higher when measurment of gas viscosity is taken under pressure. The preferred instrument for gases is the Rankine viscosimeter in which the pressure gradient for the fluid flowing through the capillary can be very small. The natural gas viscosity is described by the following function,
This relationship simply states that the viscosity of a pure gas is function of pressure and temperature, but for gas mixture, it is also a function of the gas composition. Gas viscosity can be predicated from generalized mathematical expressions. Herning 
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Where the analysis of the gas mixture is known and the viscosities of the components are known at the pressure and temperature of interest.
Dean and Stiel Method
Dean and Stiel 17 proposed the following mathematical expressions for calculating the viscosity of natural gases at atmospheric pressure and reservoir temperature. Where the ξ m is the viscosity parameter of the gas mixture and defined by the following equation. 19 presented a semi-empirical relationship for calculating the natural gases viscosity. The authors expressed the gas viscosity in terms of reservoir temperature, gas gravity, and molecular weight of the gases. Their proposed equation is given by: 
The proposed above correlation can predict viscosity values with a standard deviation of 2.7% and a maximum deviation of 8.99%. This correlation is valid for 10 < P < 8000 psia , 100 < T < 340 o F, and 0.9 < CO 2 < 3.2 mol.%.
Bicker and Katz 20 presented a plot of the viscosity of paraffin gases at 1 atm as a function of molecular weight. This plot was slightly revised by Carr, Kobayashi, and Burrows
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. It provides a rapid and reliable method for obtaining the viscosity of natural gases at 1 atm pressure from knowledge of the gas gravity and temperature alone. This viscosity must be corrected for the presence of non-hydrocarbon fractions tends to increase the viscosity of the gas. Insert plots on Carr et al viscosity charts show corrections for the non-hydrocarbon, the presence of low concentration of non-hydrocarbon gases, such as hydrogen sulfide, nitrogen, and carbon dioxide. The effect of the presence of each of the non-hydrocarbons is to increase the viscosity of the hydrocarbon gas mixture. Carr, Kobayashi, and Burrows 1 extended the correlation of Comings et al 21 to higher pressures and to complex mixtures of gases. For natural gases, the widely used Carr et al correlations take the forms:
In 1954 Carr et 8 developed graphical correlations for estimating the viscosity of natural gas as a function of temperature, pressure and gas gravity or molecular weight. The ratio (µ g  µ 1 ) of the viscosity at high pressure to the viscosity at 1 atm is shown as a function of the reduced pressure P r and the reduced temperature T r . Where: T r = T/T c and P r = P/P c When mixtures are involved, the pseudocritical pressures and temperatures of typical natural gases may be estimated from gas gravity alone. For gases with appreciable concentrations of gas impurities, the pseudo critical conditions may be computed from compositions. The gas viscosities can be obtained from the charts of Carr et al. when gas gravity and concentration of the non-hydrocarbon constituent are known. Both pseudo-critical pressure and temperature are required parameters for gas calculations. Available publications have reported multi-equations to calculate these values for natural gases. A new correlation was developed with wide applications and efficient for gas specific gravities varyied from 0.55 to 1.2.
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The critical pressure and temperature equations are: 
The corrected pseudo-critical temperature and pressure are presented below:
Standing (1977) 6,7 proposed a convenient mathematical expression for calculation the viscosity of the natural gas at atmospheric pressure and reservoir temperature, µ 1 . Standing also presented equations for describing effect of impurities on µ 1. The proposed relationships are: 
A spread sheet program was designed in this study, to calculate gas viscosity at reservoir conditions with one step only using Standing equation after slightly and revising Dempsey equation. It includes all corrections for gas impurities. 
Results and discussion
The natural gas viscosity is computed from this program easily by using the Standing and the revised Dempsey equations. The natural gas viscosity is calculated at one atmospheric pressure using the Standing equation, and all the corrections for gas impurities are done by using equation (16) . The natural gas viscosity is corrected for any pressure value by using the revised Dempsey equation (equation 23).
Figure (1) shows the natural gas viscosity at 1 atm for different specific gas gravities (0.55-3.75) and temperature (50-400 0 F) of the reservoir without impurties while figure (2) shows the gas viscosity with corrections taking into consideration the non-hydrocarbon impurities effects on gas viscosity. The figures are the same as Carr et al. chart. Figure  ( (5) shows the natural gas viscosity as a function of reduced pressure and temperature for any gas gravity or molecular weight. Fig. (5) is plotted at semi-log scale. Table ( 1) represents a spread sheet program for all calculations in order to find the natural gas viscosity with and without any presence of impurities and at any pressure and temperature values. By interring the values for impurities, gas gravity, pressure, and temperature in overshadow cells (input data), the critical pressure and temperature, and corrected critical pressure and temperature for impurities, reduced pressure and temperature are calculated. The natural gas viscosity at reservoir conditions can be calculated directly without using any charts.
Designing and evaluating existing correlations for gas viscosity
In table (2) the spreed sheet program for calculating gas viscosity by using different gas viscosity correlations includes micros for solving z-factor. The figures (6 to 13) show the gas viscosity as a function of pressure, temperature, and the gas gravity. The gas gravity is studed from (0.7) to (1.4) by using Dempsey, Lee, and Dean & Stiel correlations. All the correlations are close but the Dempsey correlation gives good results and is very close to the Carr et at chart.
The gas viscosity increase in a linear relation with increasing reservoir pressure at a low gas gravity, but not a linear for a higher gas gravity during the test pressure periods.
Conclusions
1. Many errors will be eliminated and time will be saved by using the new charts and the spread sheet program.
2. The results become very important and will help to calculate the value of the natural gas viscosity at any condition.
3. This program can easily respond to the changes in the gas fluid properties and impurities for producing tables and charts, which can be used for the prediction of the natural gas viscosity.
4. For any gas at different values of pressure and temperature, and with any kind of impurities, it is easy to find the natural gas viscosity from spread sheet program.
5. The design and evaluation of most gas correlations in one sheet program become easy.
Nomenclatures µg = Gas viscosity at reservoir pressure and temperature, cp µ1= Gas viscosity at atmospheric pressure and reservoir temperature, cp ρr = Reduced gas density as defined by: Gas gravity, and, and yN2, yCO2, and yH2S mole fraction of N2, CO2, and H2S. Step 4 Natural gas viscosity ratio will be calculated Step 5 Natural gas viscosity at any pressure will be calculated 
